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ABSTRACT 



Objectives: To assess the efficacy and safety of rebamipide in preventing chemoradiotherapy-induced oral mucositis in 
patients with oral cancer. 

Material and Methods: Patients with oral cancer treated with chemoradiotherapy (daily radiotherapy plus docetaxel hydrate 
once a week) were enrolled for this study. They were assigned in a double -blind fashion to receive either rebamipide gargle or 
placebo on the days of chemoradiotherapy. Oral mucositis was assessed using the WHO grading system. The primary endpoint 
of this study was the incidence of grade 3-4 mucositis after exposure to 40 Gy radiation (4 weeks). The secondary endpoint 
was the effect of rebamipide gargle on tumour response to chemoradiotherapy. 

Results: Twenty-four patients were randomly assigned to receive rebamipide gargle (n = 12) or placebo-gargle (n = 12) 
during chemoradiotherapy. The number of patients with severe mucositis (WHO > 3) was higher in the placebo group than 
in the rebamipide group (83.3% vs. 33.3%, P = 0.036). In addition, no effect of rebamipide gargle on tumour response to 
chemoradiotherapy was recognized compared with the placebo group. 

Conclusions: For patients with oral cancer undergoing chemoradiotherapy, rebamipide gargle may contribute to decrease the 
severity of oral mucositis. 
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INTRODUCTION 

Cancer chemotherapy and radiotherapy have various 
significant adverse effects, including oral mucositis, 
which is a painful condition and risk factor for 
infection that can lead to impaired nutritional status 
and inadequate hydration, significantly impairing the 
patients' quality of life. Furthermore, in some patients, it 
becomes a dose-limiting toxicity, slowing or preventing 
continuation of cancer treatment [1]. 
Oral mucositis is frequently observed in patients with 
cancer receiving high-dose head and neck radiotherapy 
(85 - 100%), stem cell transplantation (75 - 100%), 
or standard-dose chemotherapy for solid tumours 
(5 - 40%). Moreover, combined use of chemotherapy 
and radiotherapy (chemoradiotherapy) for patients with 
head and neck cancer may increase the incidence and 
severity of oral mucositis [2]. 

Although the clinical features of oral mucositis are 
mainly the result of oral epithelial injury, it is believed 
that oral mucositis is due to various causes, including 
induction of direct epithelial cell injury and DNA strand 
breaks by anti-neoplastic drugs or radiation, extensive 
cell injury resulting from the generation of reactive 
oxygen species (free radicals) and cytotoxic cytokines 
(IL-8, IL-ip, and TNF-a), infection, myelosuppression, 
and xerostomia [4,5]. The pathogenetic sequence of 
oral mucositis has been proposed by Sonis et al. [6] to 
include the following five steps: 1) an initiation stage, 

2) up-regulation and generation of messenger signals, 

3) signaling and amplification, 4) ulceration, and 
5) a healing stage. 

Rebamipide (Mucosta®, Tokyo, Japan) is a drug 
developed in Japan for the treatment of gastritis and 
gastric ulcer. The mechanisms involved in the anti- 
ulcer and cytoprotective effects of rebamipide have 
been reported to include induction of prostaglandin E2 
synthesis via COX-2 expression [7], up-regulation of 
growth factors and their receptors such as EGF [8] and 
HGF [9], induction of mucus secretion [10], anti-free- 
radical effects [ 11,12] , and inhibition of the production 
of inflammatory cytokines such as IL-1, IL-8, and 
TNF-a [13,14]. 

The mechanisms of onset of oral mucositis associated 
with chemoradiotherapy, which include production of 
free radicals, increase of inflammatory cytokines, and 
alteration of intracellular signal transduction, suggest 
that rebamipide should be useful for its treatment and 
prevention. 

Thus, we designed a randomised, double-blind, placebo- 
controlled trial of rebamipide gargle solution in patients 
with head and neck cancer. The primary objective of 
this study was to determine whether topical rebamipide 
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effectively reduced the severity of oral mucositis 
induced by chemoradiotherapy. 

MATERIAL AND METHODS 

Study design and patient eligibility 

The study design and informed consent disclosure 
were approved by the Institutional Ethics Committee 
of Tokyo Medical University and in accordance with 
the percepts established by the Helsinki Declaration. 
Patients declared their willingness to participate in the 
study once the details of the study and the treatment 
involved had been explained to them. 
The subjects were patients with cancer of the oral cavity 
who visited the Department of Oral and Maxillofacial 
Surgery (Tokyo Medical University Hospital), and 
were scheduled to receive chemoradiotherapy between 
January 2005 and May 2008. All patients in this study 
were older than 20 years of age, had normal renal and 
liver functions, and were required to have a Karnofsky 
performance status ranging between 90 and 100%. Both 
primary radical chemoradiotherapy and preoperative 
chemoradiotherapy patients were eligible for enrolment. 
In addition, patients with recurrence of cancer of the 
oral cavity were eligible. Exclusion criteria included 
insulin-dependent diabetes, use of non-steroidal anti- 
inflammatory drugs or aspirin, use of dentures, and 
allergy to rebamipide. All patients enrolled in the study 
gave their written informed consent. All patients had the 
right to withdraw from the study at any time. In this 
prospective, double-blind, placebo-controlled study, 
patients were assigned to the groups by computer-based 
1:1 ratio randomization to receive either rebamipide 
gargle or placebo solution. A total of 24 patients met 
the inclusion and exclusion criteria. All patients were 
treated with 2 Gy/fraction for at least 4 weeks using 
conventional radiation techniques as both primary 
radical and preoperative therapy. Chemotherapy was 
scheduled as weekly 10 mg/m 2 docetaxel infusion for 4 
weeks (Days 1, 8, 15, and 22). Standard oral and dental 
care was provided to all patients during the study. 

Gargle solutions and gargling methods 

The gargle solution was prepared by the method 
of Hanawa et al. [15]. A one-day volume (300 mL) 
of rebamipide gargle solution contained 300 mg of 
rebamipide, as well as 3.0 g of Alcox E-30® resin 
(Meisei Chemical Co., Kyoto, Japan ), which is a 
polymerized ethylene oxide (M.W. 300,000 - 500,000), 
and 1.2 g of Inagel F-13® (Ina Food Industry Co., 
Ltd. Nagano, Japan), which is a mixture of agar, 
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carageenan, and xanthan gum, to enhance the viscosity 
and dispersion of solutions, with the addition of 
methyl parahydroxybenzoate (Koso Chemical Co., 
Ltd., Tokyo, Japan) and propyl parahydroxybenzoate 
0.04 g (reagent supplied by Koso Chemical Co., Ltd., 
Tokyo) as preservatives (Table 1). In addition, 6 mL 
of 4% lidocaine was added to the gargle solutions. 
The placebo gargle solution contained all ingredients 
except for rebamipide. The gargle solution, at 300 mL 
per bottle for one day, was used in 6 divided doses, i.e., 
50 mL after every meal, as well as at 10 a.m., 3 p.m., 
and before going to bed. Subjects were instructed to 
gargle for 2 - 3 minutes each time, and not to rinse out 
the gargle with water for 1 0 minutes after each gargle. 
This gargle solution can be stored for a maximum of 
3 weeks, according to the results of the investigation 
performed by the Department of Pharmacy of the 
hospital (data not shown). Because of the bitterness of 
lidocaine and rebamipide, pineapple flavor was added 
and dissolved immediately before use of both types of 
gargle solutions. All subjects received an information 
sheet describing how to use the gargle solution, and 
were given a full explanation before starting the study. 
Gargling was started at the initiation of radiotherapy 
and was continued until final irradiation. 

Study endpoints and statistics 

After the initiation of gargling, the same study physician, 
who was blinded to the solution used by each patient, 
evaluated them every other week. Grading of oral 
mucositis was performed using the WHO oral toxicity 
scale [ 16 ] of 0 - 4 (0: normal, no mucositis; 1: soreness 
and erythema; 2: erythema, ulcers, can eat solids; 
3: ulcers, requires liquid diet only; 4: alimentation not 
possible). The primary endpoint of the study was the 
incidence of severe mucositis (WHO grade 3 or 4) 
after 4 weeks on chemoradiotherapy because in our 
previous study [17] we found the peak frequency of 
oral mucositis (> WHO Grade 3) at this time point. 
Patients who were used drip-feed therapy included 
Grade 4. Tumour response to chemoradiotherapy 
was assessed by the Response Evaluation Criteria in 
Solid Tumours (RECIST) [18], 4 weeks after the end 
of chemoradiotherapy. The effective response rate 
(complete response + partial response) in each group 
was also evaluated. When data were not available, we 
used the last-observation-carried-forward strategy for 
intention-to-treat analysis (LOCF-ITT). 

Statistical analysis 

Differences between the two groups were evaluated by 
Mann- Whitney test for continuous variables, Fisher's 
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Table 1. Rebamipide Gargle solution for 1-day volume 

Rebamipide 0.3 g 

Alkox E-30" (polymerised ethylene oxide) 3.0 g 

Inagel F-13® (mixture of agar, xanthan gum, and _ 

carageenan) ' 

Methyl parahydroxybenzoate 0.08 g 

Propyl parahydroxybenzoate 0.04 g 

4% Lidocaine hydrochloride 6 ml 

_. ... , Total 
Distilled water 



exact test and Monte Carlo test for categorical variables. 
y2 = Chi-Square test was applied for nonparametric 
variables. The P values cited are two-sided, and when 
less than 0.05 were considered significant. 

RESULTS 

A total of 24 patients were enrolled in this study. Of 
these, 12 were in the rebamipide gargle arm and 12 in 
the placebo arm. Their characteristics before treatment 
are shown in Table 2. They consisted of 14 men and 
10 women, whose age ranged from 32 to 82 years 
(mean = 60 years). The mean age of the rebamipide 
group was lower than that of the placebo group, but there 
was no significant differences (P = 0.077). Although 
the rebamipide group had more Stage I and II patients 
and the placebo group more stage IV patients, there 
were no significant differences between the two arms 
either in stage or other parameters. In addition, there 
were no differences between the two arms in T size and 
leukocyte or neutrophil count. 

Patients in both arms reported good treatment 
compliance, with no complaints regarding taste. 
Two patients in the placebo group dropped out after 
30 Gy radiation because they were unable to continue 
gargling due to severe (grades 3 and 4) oral mucositis. 
Chemoradiotherapy was continued for the two patients 
who dropped out. On the basis of LOCF criteria, the 
WHO score of two dropped out patients at the end of 
30 Gy were adopted at the end of score of 40 Gy. 
No patient developed grade > 3 oral mucositis in 
the rebamipide group by the end of 30 Gy radiation, 
compared to 4 patients (33.3%) in the placebo group 
(not significant: P = 0.11). All patients in both groups 
developed grade > 2 oral mucositis by the end of 40 Gy 
radiation therapy (primary endpoint), as shown in Table 
3.Asforthe incidence of Grade 3 - 4 oral mucositis, 83% 
of the patients in the placebo group developed grade 
> 3 oral mucositis, compared to 33.3% in the rebamipide 
group (P = 0.036) (Figure 2 and Table 3). In addition, 
the tumour response to chemoradiotherapy was not 
affected by rebamipide gargle, as shown in Table 4. 
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Table 2. Patient background 
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a xl0 3 cells/mm 3 . 

b No statistically significant at the level P < 0.05 (Monte Carlo test). 
SD = Standard deviation; WBC = White Blood Cell; %2 = Chi-Square. 

Table 3. Incidence of oral mucositis after radiotherapy for oral cancer 



Incidence of oral mucositis 




Placebo gargle 
(n = 12) 




Rebamipide gargle 
(n = 12) 


pa 


(WHO) grade 


20 Gy 


30 Gy 
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1 


3 


0 
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0 
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0 
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"Significant at the level P < 0.05 (Fisher's exact test). 
WHO = World Health Organization. 
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Table 4. Effect of rebamipide on the response rate to chemoradiotherapy in 
oral cancer patients 



Response rate 


Placebo gargle Rebamipide gargle 

(n = 12) (n = 12) p 






N (%) 
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Complete response 
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X2=1.5; 

2 (16.7) df=2; 

P=0.594 a 


Partial response 




11 (91.7) 


9(75) 


Stable disease 




0 


1 (8.3) 


■"No statistically significant at the level P < 0.05 (Monte Carlo exact test). 
yl = Chi-Square. 
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Figure 1. Schedule of chemoradiotherapy and oral treatment. 



100% 



75% 



50% 



25% 



0% 




56.3% (7/12) 



16.7% (2/12) 



25% (3/12) 



3.7% (6/12) 



■ Grade 4 

□ Grade 

□ Grade 



Placebo (n = 12) Rebamipide (n = 12) 



Figure 2. Incidence and severity of oral mucositis after chemotherapy 
plus 40 Gy radiotherapy. 

There were no patients who were used gastric fistula. 
No adverse effects related to the drug or the infusions 
were noted in either group. 



DISCUSSION 

Over the past 20 years, while supportive care for adverse 
effects of cancer treatment such as nausea, vomiting, 
and myelosuppression has markedly improved, 
prevention and treatment of oral mucositis have been 



only minimally improved. A comprehensive 
understanding of the pathogenesis of 
oral mucositis induced by chemotherapy, 
radiotherapy and chemoradiotherapy, together 
with a clear definition of risk factors for 
development and severity of the lesion, remain 
under investigation. Multiple risk factors 
have been reported for the development of 
oral mucositis, which Eilers and Million [ 19 ] 
classified into two categories: therapy-related 
factors, and patient-related factors. In their 
classification, therapy-related risk factors are 
subdivided into five categories: 1) specific 
chemotherapy/biotherapy agents, 2) doses of 
agents and administration schedule, 3) type of 
transplant, 4) radiation site and fractionation of 
radiation, and 5) combined-modality therapy 
In particular, use of chemotherapy with new 
anticancer drugs combined with radiotherapy is 
expected to be effective to treat head and neck 
cancer. Chemoradiotherapy is intended to exert 
synergistic cytotoxic effects on cancer cells, 
but it injures normal cells as well. Vera-Llonch 
et al. [3] reported that cumulative radiation of 
> 50 Gy was a risk factor for oral mucositis 
in head and neck cancer. In the present study, 
chemotherapy was performed with docetaxel, which 
has been described as highly effective for head and neck 
cancer [20], and oral mucositis occurred in the placebo 
group after delivery of radiation to 20 Gy, with onset of 
Grade 1-2 oral mucositis in 8 (66.7%) of 12 patients. 
It thus appeared that oral mucositis was enhanced 
by the combined use of radiotherapy and docetaxel. 
Furthermore, it was reported that the incidence of severe 
oral mucositis was 13% after docetaxel monotherapy, 
compared to 98% after combined treatment with 
radiation, indicating a striking increase in the incidence 
of oral mucositis after combined treatment [6]. In the 
present study as well, the incidence of severe oral 
mucositis at completion of delivery of radiation to 
40 Gy, the primary endpoint of this study, was 83% 
in the placebo group, indicating that combined use of 
radiotherapy and docetaxel is a significant risk factor 
for the development of severe oral mucositis. The 
dose of anti-tumour drugs or radiation therapy was not 
decreased in any patient during this study; however, 
Kodaira et al. [21 ] reported dose-limiting toxicity with 
the same regimen in patients with head and neck cancer. 
On the other hand, patient-related factors include: 1) 
age, 2) gender, 3) oral health and hygiene, 4) secretory 
function of salivary glands, 5) genetic factors, 6) body 
mass index, 7) renal function, 8) smoking, and 9) 
previous cancer treatment. 
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In the present study, the randomisation performed at the 
start of the study did not involve stratification based on 
age, as a result of which the rebamipide group consisted 
of slightly younger patients (Table 2). There have been 
reports of a higher incidence of severe oral mucositis in 
patients of advanced age among those receiving 5-FU 
[5,22]. But in case of chemoradiotherapy of head and 
neck cancer, high incidences of severe oral mucositis 
have been reported in younger patients by both Vera- 
Llonch et al. [3] and van den Broek et al. [23]. Although 
the relationship between age and risk for oral mucositis 
remains unclear, it appears that younger patients with 
head and neck cancer are indeed at a higher risk for oral 
mucositis. 

In the present study, use of rebamipide reduced the 
incidence of oral mucositis by half at completion 
of radiation to 20 Gy compared with placebo, and 
significantly reduced the incidence of severe oral 
mucositis at completion of radiation to 40 Gy (Figure 
2 and Table 3), indicating a prophylactic effect of 
rebamipide. Palifermin, N-truncated recombinant 
human keratinocyte growth factor- 1, is the first 
drug to be approved in the world for intervention in 
patients with oral mucositis following an aggressive 
conditioning regimen requiring haematopoietic stem- 
cell transplantation for haematologic cancer [24]. 
In Japan, because palifermin has not been launched, 
various conventional and empiric ameliorative treatments 
are used in addition to basic oral care and cryotherapy, 
including the following drugs and supplements: 
vitamins (A, C, and E), sodium alginate, glutathione, 
azulene, glutamine, sucralfate, prostaglandins, Chinese 
herbal drugs, allopurinol, and cryotherapy with 
fibrinolysin/deoxyribonuclease ice balls. Although there 
are no widely accepted clinical data regarding effective 
prevention or treatment of oral mucositis, allopurinol 
gargle is widely used for preventing oral mucositis 
in Japan. Allopurinol is believed to protect cells from 
reactive oxygen species (ROS), since it can suppress the 
production of superoxide (02-) by inhibiting xanthine 
oxidase. Rebamipide also inhibits ROS, via two 
mechanisms: inhibiting superoxide production [11], 
and scavenging hydroxyl radicals [12]. Superoxide 
itself is a relatively weak cytotoxic radical, but is also 
a precursor of peroxynitrite and hydroxyl radicals, 
which are highly toxic. Thus, in terms of induction of 
scavenging of ROS, which play an important role in the 
initiation of oral mucositis, rebamipide is considered 
more useful than allopurinol. In addition, while 



activation of inflammatory responses and associated 
production of cytotoxic inflammatory cytokines are 
considered important in the cycle of exacerbation of 
oral mucositis, rebamipide is known to inhibit IL-8 
production by inhibiting its transcription factor NFk-B, 
an important trigger of this condition [13]. The efficacy 
of rebamipide demonstrated in the present study may be 
the result of suppression of the following three stages of 
the onset of oral mucositis suggested by Sonis et al. [6]: 
1) the initiation stage, 2) up-regulation and generation of 
messenger signals, and 3) signalling and amplification. 
On the other hand, there has been concern that the 
effects of rebamipide on COX-2 [6], PGE2 [8], and 
EGF [9] might influence cancer cell growth. However, 
since rebamipide did not influence tumour response 
to chemoradiotherapy, it did not appear to influence 
its therapeutic efficacy. Kawai et al. [25] reported that 
oral administration of rebamipide did not influence the 
antitumour effect of fluorouracil drugs in the Yoshida 
Sarcoma-bearing rat. Furthermore, Haagen et al. [ 26 ] 
recently reported that administration of infliximab 
(TNF-a antibody) and celecoxib (selective COX-2 
inhibitor) did not affect the onset and aggravation of 
radiation-induced oral ulcers. It thus appears that these 
inflammatory pathways are not involved in the onset 
and development of oral mucositis. 

CONCLUSIONS 

The findings of this randomised study suggest that 
rebamipide gargle solution may be an effective means 
to reduce the severity of chemoradiation-induced oral 
mucositis in oral cancer patients. Although it remains 
unclear which of the various mechanisms of action of 
rebamipide contributed to the efficacy of this drug in the 
present study, rebamipide appears to be a drug with a 
unique profile in relation to the pathophysiology of oral 
mucositis induced by chemotherapy or radiotherapy. 
A further clinical trial in a large number of patients is 
needed to confirm our findings. 
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